Abstract-This article presents the results of a quantitative investigation with descriptive and correlation scopes, where a database for pavements of a Peruvian airport was elaborated, with the purpose of developing a prediction numerical model of the pavement condition, which relates the pavement condition index (PCI) as a function of time (pavement age).
INTRODUCTION
Several factors cause pavement deterioration such as environmental, surface and structural conditions, changes in operational traffic, etc. [8] ; in this regard, maintenance and rehabilitation (M&R) of airport pavements must be carried out in a preventive and programmed way, instead based on immediate needs and without proper planning [7] , as is being done in Peru (see Fig. 1 ); jeopardizing operational safety and without considering the economic resources available.
Fig. 1 M&R without Pavement Management
Source: [5] What is required to guarantee an adequate pavements service level of the airports movement area of Peru, during its life cycle and the years it can be extended?
To implement an APMS, whose prediction numerical model of pavement condition, the main tool of the system, is developed and calibrated for the specific conditions that cause pavement deterioration (operational traffic, environmental conditions, etc.).
II. DATABASE
To prepare a database, the pavement construction and inspection background of the main Peruvian airports was reviewed. The Cajamarca Airport runway (flexible pavement) was selected because the amount of information that was compiled, for the development of a practical case. Fig. 2 shows the pavement inventory and TABLE 1 lists pavement inspections and M&R history. 
A. Pavement structure
The runway PCN is 45/F/D/X/T and the maximum allowable aircraft type is the Boeing 737 (maximum takeoff weight = 134000 lb). Fig. 3 shows the runway sectorization, based on the structure (material and thickness), construction and M&R history, and areas where traffic loads are uniform. 
B. Traffic Data
The traffic data is necessary to analyze the possible pavement deterioration causes and to propose appropriate M&R alternatives considering the decrease or increase of traffic loads repetitions, or a constant transit in time [7] . 
C. Pavement Condition
The pavement condition data is a fundamental component of an APMS and requires an objective, systematic and repetitive evaluation process [7] . The ASTM D5340, qualify the pavement condition with the PCI, whose value corresponds between 0 and 100, see TABLE 4. The called standard stablish that a pavement begins its life cycle with perfect conditions (PCI = 100) and after being subjected to service cycles, that cause pavement deterioration can reach a collapsed state (PCI=0) [1] . The PCI values shown in TABLE 5, are the sample units data process result that contains each section; the area of each sample units is 450 m2 ± 150 m2 [1] . [12] . Consequently, a data preselection process is presented to identify the defective data (Fig. 4) and, a descriptive statistics graphic method to separate the outliers (Fig. 5) . th LACCEI International Multi-Conference for Engineering, Education, and Technology: "Innovation in Education and Inclusion", 19-21 July 2018, Lima, Peru. 3
Data Preselection
Before identify the "errors", the sample units corresponding PCI values, must be sort by pavement section, time since the pavement construction or the last reconstruction (age), and finally identify the M&R activities done [12] . To identify the defective data, the following criteria must be considered [3] , [1] : -Sequential data is compared, among which there were no interventions. -The pavement condition cannot fall more than one state, it means, PCI difference cannot be more than 20 points. -The PCI cannot increase unless an intervention is performed. If this is the case, if the increase is greater than 5 points, invest the values, otherwise, equal the PCI values. -The PCI range is from 0 to 100. 
Outlier identification
A descriptive statistics graphic method called "box plot" will be used. The box plot is used to identify the outliers, because even a single outlier drastically affects the mean and the standard deviation of the data set. A box plot is based on the following summary of quantities [4] :
X mín : min. value Q1 : lower quartile Q2 : mean Any observation out of range "Q1-1.5fs" to "Q3+1.5fs", is an outlier, that must be separated [4] . IV.
NUMERICAL PREDICTION MODEL
The deterioration models or also called prediction models are an essential tool for the APMS. They are relative to the influence of the pavements state indicators and are used to predict when the interventions on the pavement will be necessary and the budget required for its preservation [7] . The pavement network preservation planning is not a static process; therefore, the APMS are based on probability as a tool to determine the future pavement condition [18] . The deterioration model development must be take the following steps [12] : (Fig. 6) 1. Recovery and storage of data by pavements family. 
Markov Chains
The pavement future condition is estimated as a function of probability for the set of possible states that could arise [14] . Knowing the preceding state or the pavement probabilistically state, the Markov chains can be used to predict the next state, again probabilistically, for as many periods of time as desired. [15] .
Prediction Numerical Model Applying Markov Chains
A pavement begins its life cycle in almost perfect conditions and is then subjected to service cycles that cause deterioration of the pavement condition. The extrapolation of the Markov process curve represents the future pavement behavior and allows a dynamic programming, to produce M&R optimal strategies [3] . For the development of this model, the Markov process states correspond to different pavement deterioration levels defined in the PCI qualification. The PCI range (from 0 to 100) is divided into ten "states" of 10 interval points, as illustrated in the Table  6 . Equation (1) illustrates the state vector for a given service cycle.
State vector ( ) for service cicle "i":
Where, pi(X) is the probability that pavement is in the condition "X" in the service cycle "i", the "state vector" ( (i) ) indicates the probability that a pavement section is in each of the ten states in a year of service (i) and a "service cycle" lasts for one year, at which time the pavement is subjected to a determined climate and traffic. In the pavements management it is assumed that all sections of the pavement are in the "A" state (PCI of 90 to 100) at the age of zero years (service cycle "0"), resulting a state vector [15] : To model the way pavement deteriorates over time, it is necessary to identify the transition probability matrix (TPM). It is assumed that the pavement condition cannot fall more than one state (10 points) during a service cycle. In addition, the pavement may remain in its condition or deteriorate and move to the next state in one year. Consequently, the TPM has the following form: 
Where, is the probability that the pavement in state i, changes to the state between service cycles and +1. The value 1 in the last row of the TPM corresponds to the state "j" (PCI from 0 to 10), which indicates that the pavement condition cannot pass from this state, unless an intervention is made on the pavement. The state vector for any year of service is obtained by multiplying the initial state vector by the TPM, as illustrated in (4). 
With this process, if the transition matrix can be estimated, the pavement status for any service cycle can be predicted. The TPM can be determined based on expert criteria or historical data if available, through non-linear regression, where the objective is to minimize the difference between the PCI obtained as a function of time (product of the regression) and the value predicted (using the Markov chain) for a given service cycle [3] .
It is important to mention that, it was rejected to elaborate the TPM based on the "expert's criteria", since with the historical data regression method it is possible to obtain a better approximation of the data generated to the original data [15] ; also, various investigations for the construction of master curves that represent pavement deterioration as [13] y [17] , has demonstrated that the best function for its representation is the logistic function.
Logistic Regression
Logistic regression means supposing that p(x) is related to x through the logistic function (5). Whereas p(x) is a probability and, therefore, it must be between 0 and 1, while β0+β1x does not need to be in this range [4] .
A pavement begins its life cycle in "almost perfect conditions" (trend to PCI value = 100) and, after being subjected to service cycles and fulfilling its useful life, the PCI has a tendency to value "0". In addition, it is worth mentioning that an increase in the value of the PCI over time is not possible, unless an intervention is made on the pavement. The representation of the characteristics mentioned above is guaranteed with a logistic regression, which creates an "S" shaped curve with maximum and minimum restrictions [3] . Whose graphic representation is the following: Fig. 7 . Logistic function -Graphic representation (PCI vs Time) Source: [4] , [14] The mathematical representation is (6):
= 100
Where β0 y β1 are constants, and t the independent variable (time).
To adjust the logistic regression to the sample data of the sample, it is necessary to determine the parameters with a process that is complicated to detail. However, statistical software packages do this if requested [4] .
Consequently, Table 8 is presented, which contains the data analyzed and worked with the generalized reduced gradient nonlinear regression algorithm, included in the Excel Solver tool; which is used to optimize an objective function, which in this case will be the minimum difference between the PCI obtained from the PCI observed [15] . Table 7 [Capte la atención de los lectores mediante una cita importante extraída del documento o utilice este espacio para resaltar un punto clave. Para colocar el cuadro de texto en cualquier lugar de la página, solo tiene que arrastrarlo.]
Resulting the Correction Factor equal to 6 years for the inspections carried out after the maintenance of the year 2014, and (7) as a representation of the pavement behavior. 
Numerical Prediction Model Calibration
With the generalized reduced gradient nonlinear regression algorithm, included in the Excel Solver tool, having as objective function the minimum difference between the obtained PCI and the logistic function (7) and PCI obtained with the Markov chain and, as a restriction, the sum of the probability that the pavement is maintained or that it passes to the next state is equal to 1 ( +pi+1=1) [15] ; the TPM shown below is obtained. 
Replacing (2) and (8) in (4), table 8 is obtained: With Table 8 data (Age and PCI), it is presented the quantitative numerical model graph that represents the pavement behavior with characteristics and similar conditions to the Cajamarca Airport runway (Fig. 10) , where the PCI range for its state is shown in Table 6 . 
Prediction Numerical Model role in an APMS
An APMS needs to be capable of predicting current and future pavement condition. Condition predictions are necessary to analyze different pavement interventions alternatives and develop an optimum multi-year M&R plan [7] . In this regard, the Prediction Numerical Model is the main tool of an APMS [10] , as is shown in Fig. 11 . 3. If deterioration models are made, for different circumstances (weather, traffic, material, among others), which the Peruvian airport pavements are in service; the pavement condition prognosis will depend on how the pavement behaves at present (know the current state).
4. An APMS requires a precise and efficient prediction model, given that pavement interventions programming is based on the state forecasts of the model (see Fig. 11 ), so the use of the Markov model is adequate.
